Surgical closure of an atrial septal defect was performed on 104 patients over the age of 40 at the Brompton Hospital. The hospital mortality was 9-6%, reducing to 2-7% in the last six years. There were five late deaths. A moderate increase in preoperative pulmonary artery systolic pressure did not influence mortality. Twenty-five per cent of patients in preoperative atrial fibrillation have been maintained in sinus rhythm an average of five years following operation. Seven per cent of patients in sinus rhythm preoperatively left hospital in atrial fibrillation. Another 7% developed atrial fibrillation an average of seven years after operation.
At late follow-up 75 patients were symptom-free and leading normal lives. It is concluded that patients in this age group with atrial septal defect benefit from surgical closure of the defect.
Atrial septal defect is the commonest congenital heart lesion found in adults. Although the condition normally follows a benign course in early life, progressive disability in the fourth and fifth decades is the general rule, resulting in significant shortening of the lifespan (Campbell, Neill and Suzman, 1957; Burre,tt and White, 1945) .
Surgical correction of this anomaly has become an established procedure, and in the younger age groups is associated with little morbidity and a Age (years) low mortality (Cohn, Morrow, and Braunwold, 1967; Barratt-Boyes, 1963) . However, there has been some reservation regarding (the advisability of operation in the older age group, particularly in those patients with established severe pulmonary hypertension (Markman, Howitt, and Wade, 1965; Wolf, Vogel, Pryor, and Blount, 1968 Sixty-five per cent of the patients were female. The majority of patients were symptomatic. Only 9 7% denied symptoms and these were referred following routine medical examination or routine chest radiography.
The commoner presentations were breathlessness on exertion (86%), palpitations (42%), and chest pain (22%). A high incidence of symptoms occurred in those patients with ostium primum defects (Table II) and it was also noted that this group developed these symptoms a decade earlier than the secundum and sinus venosus groups (Table  III) .
On clinical examination 28 % of all patients were in established dysrhythmias (atrial fibrillation 22 %, atrial flutter 3 %, supraventricular tachycardia 2%, nodal rhythm 1 %, and complete heart block 1 %). Although the five patients with primum defects all had cleft mitral valves at operation, only two patients were considered to have significant mitral regurgitation on preoperative clinical assessment. In both of these cases the cleft was renaired' by direct suture. All primum defects were closed with a pericardial patch.
Of the four pa-tients with co-existing mitral stenosis, three underwent mitral valvotomy through the atrial septal defect with the use of Tubbs' dilator on two occasions and digital dilatation on the third. Mitral stenosis in the fourth patient was unsuspected, the diagnosis being made at necropsy.
RESULTS
HOSPITAL MORTALITY There were 10 deaths in the series within one month of operation, all in the secundum group. Six of these patients had their defects repaired under moderate hypothermia, three under cardiopulmonary bypass, and one under profound hypothermia.
Only one death has occurred in 37 defects repaired in the last six years under review, a hospital mortality of 2-7%.
Of the six deaths following moderate hypothermia, three occurred during operation} from irreversible ventricular fibrillation. One died 30 hours postoperatively in persistent ventricular fibrillation, while another died suddenly 10 days after operation from cardiac tamponade following the administration of prophylactic anticoagulants. The remaining death was also sudden eight hours following operation and was attributed to adrenal failure. This patient had been receiving preoperative prednisone for polyarteritis noodosa.
The one death following profound hypothermia occurred during operation from irreversible ventricular fibrillation. There were three deaths, in the 51 patients operated upon under cardiopulmonary bypass. One died 24 hours postoperatively in persistent ventricular fibrillation. Another failed, to regain consciousness after operation, developed a left hemiplegia, and died on the sixth postoperative day. The third death occurred in the fourth week during quinidine therapy for atrial fibrillation.
The relationship of various adverse preoperative factors to hospital mortality for the whole series is shown in Table V . It may be noted that a moderate elevation in pulmonary artery pressure (up to 60 mmHg systolic) did. not significantly increase the overall hospital mortality. In the seven patients with pulmonary artery pressures above 60 mmHg there were two deaths, both following hypothermia in 1958. Since that time there has been no hospital mortality in five patients in this group (average pulmonary artery systolic pressure of 72 mmHg).
Analysis of the eight patients from all groups with increased pulmonary vascular resistance shows that the two deaths in this group also occurred in 1958 and both were associated with severe pulmonary hypertension. Since then there has been no hospital mortality in six patien-ts with increased PVR (average PVR 4 5 units, range 3-5-8 units).
LATE DEATHS The period of folow-up ranged from four months to 13 years. Apart from seven cases lost to follow-up and thoe patients undergoing surgery in the last year, all patients were followed up for at least one year. The average length of follow-up for the moderate hypothermia group was 7-2 years, for the profound hypothermia group 4-6 years, and for the cardiopulmonary bypass group 3-4 years.
There were five late deaths. All five patients were over the age of 60 years at the time of ,their death (average 63 years) and four of the five were in atrial fibrillation and congestive cardiac failure preoperatively. The earliest death occurred in a 61-year-old woman in whom a quadriplegia was noted following operation under moderate hypothermia. She died four months later from neurological deficit. The second death occurred in a 65-year-old man nine months postoperatively from myocardial infarction. He had been symptom-free until his death. Another 61-year-old man died from congestive cardiac failure five years after operation. Postoperatively In four patients a major cerebral incident occurred. All four patients were over the age of 55 and one had systemic hypertension. One failed to regain consciousness following cardiopulmonary bypass and died-on the sixth postoperative day. The other three occurred following moderate hypothermia. One of these died four months postoperatively from cerebral damage while the remaining two survived, although with residual neurological deficit. Peripheral arterial emboli occurred in two cases, including an aortic sadd-le embolus and a mesenteric artery, both requiring surgical intervention. The patient developing the saddle embolus was in sinus rhythm while the other occurred in a patient with atrial fibrillation.
Haemorrhage Four patients were returned to the theatre for further haemostasis and all survived. Three of these had been operated upon using cardiopulmonary bypass and the fourth, using moderate hypothermia. A retroperitoneal haemorrhage in one patient and cardiac tamponade in another were directly attributable to postoperative anticoagulant therapy.
Reopening of defect Three patients in the secundum group were noted to have a recurrence of their defect six days, four months, and one year, following operation. Two of these patients had their defects successfully closed at a second operation without mortality. The third, has refused a further operation.
RESULTS AT LATE FOLLOW-UP Seventy-five patients were symptom-free and leading normal lives at late follow-up. This group includes 63 patients in ,the secundum group, three in the ostium primum group, and nine in the sinus venosus group.
Fourteen patients were symptomatic including nine with exertional dyspnoea. Four of these patients had, improved, four were the same, and one was worse compared with their preoperative level of exercise tolerance. The patient who is worse still has his atrial septal defect open as well as a malabsorption syndrome resulting from bowel resection necessitated by a mesenteric artery embolus. He refuses a further operation.
Two have had recurrent chest pains since operation but otherwise normal exercise tolerance. Two have residual hemiplegias and one is under treatment for psychosis.
DISCUSSION
Althoughh the majority of children with atrial septal defect are symptom-free there is an increasing incidence of symptoms with advancing age (Markman et al., 1965 ). Campbell et al. (1957 found that of those patients attending hospital who had not had their atrial septal defects closed only half were still well at 40 and less than a quarter at 50 years of age. This deterioration most frequently occurs in association with a dysrhythmia, usually atrial fibrillation, following which the heart rapidly enlarges. Tricuspid regurgitation and heart failure soon beome evident (Wood, 1962) .
Pulmonary hypertension has been noted with a greater frequency in older patients with atrial septal defect than in those under the age of 40 (Markman, et al., 1965) , and Gault, Morrow, Gay, and Ross (1968) demonstrated a clear relationship between pulmonary hypertension and degree of disability.
The reported average age of death in patients with atrial septal defect ranges from 36 years (Roesler, 1934) to 49 years (Cosby and Griffith, 1949) .
To prevent the development of these late sequelae, surgical closure of -the defect in childhood has become established practice. The mortality rate associated with operation in this younger age group is sufficiently low to recommend closure of medium and larger defects, even in the absence of symptoms (Cleland, Goodwin, McDonald, and Ross, 1969) .
However, Wolf and his colleagues (1968) , while agreeing that operation in the younger patient with atrial septal defect is advisable, suggest that the role of surgery in the middle-aged patient is uncertain. Reviewing 34 patients over the age of 45, of whom 15 underwent surgery, they concluded that surgery offers the greatest benefit to the progressively symptomatic adult with normal or mild to moderate increases in pulmonary artery pressures, and that operation in those with severe pulmonary hypertension is too hazardous. In a study of 48 surgically treated, patients with atrial septal defect in this age group, Gault and his coworkers (1968) concluded that, despite the presence of pulmonary hypertension and congestive failure, operative closure could be undertaken with low operative mortality, with sustained clinical and haemodynamic benefit in the survivors.
In this series the overall hospital mortality rate was 9-6%, reducing to 2-7% in the last six years studied. This reduction in mortality rate is comparable with that observed in other centres (Gault et al., 1968; Daicoff, Brandenburg, and Kirklin, 1967) and appears to be a reflection of improved operative technique and postoperative care with experience, rather than to patient selection. It is interesting to note that the mortality following hypothermia was double that following cardiopulmonary bypass and that of the three deaths following the latter technique the one due to quinidine therapy was potentially avoidable. Analysis of the five late deaths shows that the average age of the patients was 63 years and that four of the five had derived considerable benefit from the operation. With regard to the effect of preoperative pulmonary hypertension, it may be noted that a moderate increase in pulmonary artery pressure (up to 60 mmHg systolic) did, not significantly increase the overall hospital mortality. In the seven patients with pulmonary artery pressures above 60 mmHg systolic, there were two deaths which would tend to support the contention of Wolf and his colleagues (1968) that operation in patients with severe pulmonary hypertension is too hazardous. However, both of these deaths occurred following hypothermia in 1958 and since that time there has been no mortality in five patients in this group (average systolic pulmonary artery pressure of 72 mmHg).
Dysrhythmias are common in elderly patients with atrial septal defects. In this series, although these dysrhythmias were frequent in the postopera-tive period, of those patients in sinus rbhyth before operation only 7% left hospita-l in atrial fibrillation. Another 7% have since developed atrial fibrillation an average of seven years after operation.
However, 25% of patients who were in atrial fibrillation before operation ihave been maintained in sinus rhythm an average of five years following operation. I,t would appear that closure of the defect has a beneficial effect in preven,ting dysrhythmias.
At their last attendance 75 patients were symtom-free and, of those who were symptomatic, only five had obtainedl no subjective benefit from the operation.
It is concluded from ithis study that recent advances in' surgical and cardiopulmonary bypass techniques and improved postoperative care have decreased the mortality and morbidity of operation to the extent thiat surgical closure of atrial septal defects at any age is now justified, even in the presence of pulmonary hypertension.
